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RT 1 UNITY

earth 1s populated by millions of different types of living creatures. Each has its own way of
ot all share the only known kind of structural and chemical organization that means being
Whatever thewr dissimularities, plants, animals, and other creatures solve their big problems —
of being alive —in much the same way. The study of these unifying features will be one theme
| We will also learn how biologists acquire knowledge of living creatures.

= Biology — What Is It About? 1

Biology is the sum of man’s knowledge about life —his own life and that of all other crea-
tures. This knowledge consists not only of a collection of facts, but more importantly, of
the way these facts are associated and interpreted in general theories. An example of a
bological investigation is the theme of this chapter. The cause of mankind's most serious
disease, malaria, is used as a case history in showing how man attempts to answer his

biological questions.

2] Life from Life 19

Less than a century ago scientists debated furiously the question of whether life could
arise spontaneously from nonliving substances. The far-reaching implications of this
biological question are not necessarily the same for life today and life in its most distant
past. But they are the same for all kinds of living things, as investigation of this biological
problem in terms of life today has abundantly illustrated.

ER Basic Structure 38

Unifying theories relate isolated facts. Science is at its best when it seeks a new theory
to organize an accumulation of poorly understood facts. One of the greatest unifying
theories of biology is that all, or nearly all, forms of life have a common basic structure.
That this is true is not at all obvious: a fish and a tree really do not seem to resemble one
another. Yet both are alike in being composed of cells. Cells were first discovered almost
200 years before their nature was understood well enough to lead to the cell theory.
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CHAPTER The Physiology of Cells 9 0
A living cell, with its huge number of complex substances, exhibits ceaseless g
6 activity. Substances are entering and leaving the cell at all times, as molecules 5

built up and broken down within the cell. Transfers of energy for all the cell’s actiy
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CHAPTER Reproduction —of Cells — of Individuals

7 The most basic characteristic of life is reproduction; that is, the production of ne
tures and individuals similar to the existing structur® and individuals, Repn
occurs at different levels of organization. Parts of the cell, such as the chromHAPTER
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T 2 DIVERSITY

ity among the earth’s microorganisms, plants, and animals is more obvious in many ways
e fundamental unity in fife. Historically, diversity emerged as modifications upon a common
Unity continues to be shown in the recognition that different organisms are similar chem-
have a common structural basis in cells, reproduce, evolve. respond to stimuli, and constitute
of an interrelated whole. Yet diversity in life is seen in the millions of different types of living
isms — the three principal groups being microorganisms, plants, and animals. This section of
ok will be concerned with the many variations upon the fundamental theme.

r2a MICROORGANISMS

Beginnings —Viruses - Time 177

Several billion years ago the earth was vastly different from what it is today. The primeval
seas may have become rich mixtures of organic molecules. Probably a chance combina-
tion of molecules produced a larger molecule (possibly similar to the DNA of today) that
had a chemical structure giving it a pattern for exact duplication. Slowly, the duplicating
molecules became parts of more complex systems, until they could be called “‘organisms.”
From these humble beginnings life spread over the earth and evolved into its innumerable
species —each an experiment in living in a particular way. The viruses of today may repre-
sent a level of complexity similar to that of some of the earliest forms of life. They cannot
live independently but require a living cell for their life and reproduction. This may be
analogous to the requirements of the hypothetical first organisms for an environment rich
in organic compounds.
*

Bacteria—Pioneers of Cellular Organization 198

The bacteria, more complex than the viruses, are the simplest organisms that can be called
cells. They also are the smallest organisms that can be studied with the compound micro-
scope. Their activities are basically those of every living organism. Life in the simplest
cells can be very complex —even to reproduction by sexual means.

Small Organisms of Great Importance 214

Because of their small size, bacteria were discovered only after the invention of the micro-
scope. Their importance became rapidly recognized, for they are organisms that cause
spoilage, decay, and disease, but that have many useful activities. The discovery that
bacteria cause disease is one of the most interesting examples of the methods of science.
Bacteria are beneficial in industry, food preparation, and vitamin production, mostly be-
cause of their ability to carry on fermentations that result in valuable byproducts.
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1 2C ANIMALS

through the tissues of the roots and the stem. The rapid movement of imaterials andd e
support of leaves are aided by the complex conducting sysiems that have svotved w The

vascular plants,

Reproduction and Development in Flowering Plants W

The pinnacle of evolutionary development of the green plants is the large group charat
terized by flowers. Most of the familiar plants of the world are Aower-producing species.
It is this group that provides, directly or indirectly, for nearly all of man’s needs — s fosnd,
his shelter, and most of his clothes and fuels.

The World of Animals 329

Green plants are producers; animals are consumers. Given a proper temperature and the
necessary inorganic substances, green plants can live wherever there is light Animals
can live only where there are green plants or products derived from green plants. This
basic dependence defines the boundaries of the world of animals. The animal way of life —
whether of a single-celled organism such as Amoeba or of large and complex animais—
makes a series of demands on the world of life. These demands can be understood from
the study of one kind of animal and its dependence upon other organisms and upon the
nonliving environment.

The.DlversIty Among Animals —Variations on a Theme 348

There are probably two million species of animals living today. Fundamentaily, all live
the same way, but in detail they vary tremendously. The many animal species can be
classified into major groups known as phyla. Ten of these phyla include at least 98 percent
of all known animals. The known history of animals begins more than a half billion years
ago, when all their ancestors lived in water. Much later, some of the animals evolved

modifications permitting them to colonize the land.

Digestion in Multicellular Animals 388

In animals that have many cells, some degree of specialization, or division of labor, occurs
among the cells. Some of the cells may be specialized in capturing food, others in digesting
it, still others in coordinating these activities and additional ones. Digestion is carried out
in a simple sac (in Hydra) or a complex sac (in planarians), a simple tube (in some worms)
or a complex tube (in grasshoppers and many other animals, including man). This chapter
is a study of one essential aspect of this division of labor —the enzyme-controlied break-
down of food substances.
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z{on to water and carbon dioxide, major waste products in animals include onel ‘
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'ER Reproduction in Animals 472

attribute of life. 1t may be asexual, as when a single-celled animal
production and union of an egg and a

sperm. Sexual reproduction - 8o widespread in the living world that we must assume it to
be the most successful type so tar evolved — provides for greal variety in the hereditary
animals, including man, is sexual.

Reproduction is a pnme
divides into two, or it may be sexunl, involving the

o’

makeup of organisms. The reproduction of most

rER The Development of Animals 493
r In sexual reproduction, the union of a sperm and an egg produces a fertilized egg. The
fertilized egg is only a single cell and. hence, is vastly different from the multicellular adult.

The events that occur during the gradual growth and change from fertilized egg to adult
are known as development. Basically, development consists of an increase in the number
of cells. the differentiation of cells into different types, growth, and the organization of

cells into the structures of the adult.

TER The Analysis of Development 505

For centuries man has speculated on the underlying factors that control development. How
can the fertilized egg, itself a single cell, develop into a complex adult with its many forms
of cells, tissues, and organs? One hypothesis was that the adult body was preformed in
miniature in the sperm or in the egg. When microscopes were available, it was possible to
make the observation that disproved this hypothesis. Biologists of today believe that the
complexity of the adult is a slow development from the simplicity of the embryo, and they

are performing experiments to learn how this comes about.

T 3 CONTINUITY

organisms of today are the passin

n time for several billion years. Individuals die,
s of the continuity of life by reproduction must be considered. First is the short-term con-

based on transmission of hereditary instructions from one generation to the next. Second
long-term continuity _evolution —based on mutation, recombination of alleles, and changes

uency of alleles because of natural selection.
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TER The Cultural Evolution of Man 627

4 .I:t.:h:,l t|:hl }Hlf"':::l::::: man has changed little in his structure, but tremendously in his

A ' iesticated plants and animals and has solved, in increasingly better
ways. & biological problem that he cannot escape —the need for food. He has built towns
and cities and developed the science and technology that is the basis of civilization. His
mind and hands have produced science, art, and literature. He has the et arasadion n;:ccs--
sary o provide the individuals of his species with a secure and rewarding life.

T 4 INTERACTION

levels of biological organization there is unity, diversity, continuity, and interaction. We turn

o the last of these. No individual is complete in itself. Its behavior, and life itself, is a con-
nce of interactions with other individuals of the same species, with the individuals of different
<« and with the entirety of the living and nonliving environments.

Animal Behavior 645

Organisms are constantly active, responding to processes within themselves, to the

presence of other organisms, and to the nonliving environment. Such activities and inter-
dependence among organisms are particularly obvious in animals. Biologists analyze the

entire pattern of animal activities in the study of animal behavior.

Checks and Balances in Nature 677
All organisms are the products of their genetic makeup and their environments. Under the
influence of the environment, evolution occurs, for the environment selects organisms
genetically best suited to survive in certain habitats. In each habitat, green plants are the
primary producers, and other forms of life are the consumers. The stockpile of materials
in dead organisms is decomposed and returned to living circulation by bacteria, fungi, and
other decomposers. All organisms on earth are part of a great cycle that ultimately de-

pends on the energy of sunlight.
841

A World of Ecosystems 708

Plants, animals, and microorganisms, toget
make up interdependent units or ecosystems.
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lands, tundra, or desert. Each of these, because of p

a different set of living things.

her with the environments in which they live,
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may be in a forest, or on mountains, grass-
hysical and biological factors, supports

xvil




CHAPTER

38

CHAPTER

39

Mankind: 8 Population out of Balance

| problems that man cannot escape is his own ¢
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A Perspective of Time and Life—Molecules to Man

Man and all other living species are products of the past, associating in the
linked not only to the creatures around us but to those no longer living._:
before life began. In this final chapter the diversity of organisms, exting
portrayed against the background of the evolution of the earth itself.
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